Background: Improving efficiency of health sector is of particular importance in all countries. To reach this end, it is paramount to measure the efficiency. On the other hand, there are many factors that affect the efficiency of health systems. This study aimed to measure the Technical Efficiency (TE) of health systems in Economic Cooperation Organization (ECO) countries during 2004-10 and to determine the factors affecting their TE. Methods: This was a descriptive-analytical and panel study. The required data were gathered using library and field studies, available statistics and international websites through completing data collection forms. In this study, the TE of health systems in 10 ECO countries was measured using their available data and Data Envelopment Analysis (DEA) through two approaches. The first approach used GDP per capita, education and smoking as its inputs and life expectancy and infant mortality rates as the outputs. The second approach, also, used the health expenditures per capita, the number of physicians per thousand people, and the number of hospital beds per thousand people as its inputs and life expectancy and under-5 mortality rates as the outputs. Then, the factors affecting the TE of health systems were determined using the panel data logit model. Excel 2010, Win4Deap 1.1.2 and Stata 11.0 were used to analyze the collected data. Results: According to the first approach, the mean TE of health systems was 0.497 and based on the second one it was 0.563. Turkey and Turkmenistan had, respectively, the highest and lowest mean of efficiency. Also, the results of panel data logit model showed that only GDP per capita and health expenditures per capita had significant relationships with the TE of health systems. Conclusion: In order to maximize the TE of health systems, health policy-makers should pay special attention to the proper use of healthcare resources according to the people's needs, the appropriate management of the health system resources, allocating adequate budgets to the health sector, establishing an appropriate referral system to provide better public access to health services according to their income and needs, among many others.
Introduction
Improving health status and reducing exposure to diseases, maintaining and promoting mental and physical abilities in the personal and social levels are considered as a necessity for improving human welfare (1) . Health plays an important role in the growth and economic development of countries through improving labor productivity, reducing the financial burden of diseases, saving healthcare resources (2) . Studies show that more than half of the national resources are being wasted in different countries. In underdeveloped countries, limited resources are used inefficiently and public funds are spent on services that are unsuitable and ineffective (3) . Hence it can be said that the proper distribution of health resources and facilities and the efficient use of them are very important, and implementing health system reforms and making precise assessments seem inevitable. These reforms are possible through further examining the policies, increasing efficiency, limiting unnecessary expenses, etc. (4) .
In recent decades, health policy-makers have been concerned about their health systems performance and many countries have implemented reforms in their health sector due to their poor performance. However, improving the quality and quantity of health services requires an actual assessment of the performance and efficiency of the health systems. As such, we can ensure the proper balance between resources and outcomes and achievement of the objectives of health systems (5) . One of the most important indicators that can be used to assess the performance of health systems is the proportion of health system outputs to the resources (physical and monetary ones) consumed. In fact, this indicator deals with the issue that how the consequences and outputs resulting from the health sector are in comparison with the existing resources available in the country (6) . Efficiency indicates that how good an organization has used its resources in order to produce the best performance over a period of time (7) .
The types of efficiency and a variety of methods to measure it were introduced primarily based on Farrell's method. Farrell proposed that it was more appropriate to compare a firm's performance with the best existing firms in that industry. This method is consistent with the concept of frontier production function that is used as an indicator to measure the efficiency. Frontier production function is defined as the maximum possible amount of product that comes from a certain set of factors of production. Farrell developed his ideas about the efficiency measurement based on the studies conducted by Debreu and Koopmans (8) . He defined economic efficiency as the degree of a producer success in minimizing the cost of producing a certain amount of product. He divided economic efficiency into two parts, technical and allocative efficiency. Farrell states that allocative efficiency is the use of the optimal combination of the factors of production. He believes that when the inputs are allocated according to their prices, the profit will be maximized and allocative efficiency is met. On the other hand, a technically efficient unit can create the maximum attainable product using consumption of a certain amount of production factors. In other words, for achieving the maximum TE, the producer should act on the frontier production function (9) . Some health system researchers have studied the TE which the results of some of these studies are as follows: Pinto in a study of the TE in Italian regional health outcomes using Data Envelopment Analysis (DEA) concluded that the mean of efficiency scores with constant returns to scale was equal to 0.981 and with the variable returns to scale was equal to 0.988 (10) . de Cos and Moral-Benito in a study examined the determinants of health system efficiency using DEA in 29 industrialized countries in 2009. The results of the study showed that Australia had the highest efficiency score (0.991) and Hungary had the lowest (0.942) one. Finally, they suggested that policies such as increasing the regulation of prices billed by providers and decreasing the degree of gate keeping could cause gaining more efficiency (11) . The results of Haddad et al. 's study showed that having multiple insurers was related to the low efficiency of the health system. In addition, countries seeking to improve the efficiency of their health systems should pay more attention to the behavior of the people and their welfare (12) . The results of Afonso et al. 's study showed that countries with smaller public sector compared with those with larger public sector had dramatically higher efficiency in their health sector (13) . Ramsay estimated the health systems' efficiency in eight countries using 12 indicators related to quality of services, community access to the services and the cost of providing services. The results showed that two indicators of household income and female literacy were the main determinants of health outcomes production (14) . While extensive studies have been conducted on assessing the effectiveness and efficiency of health systems in different countries, including the Organization for Economic Cooperation and Development (OECD) countries and European and the American countries, few studies have been carried out in developing countries most of which have investigated the effects of only one factor on the health system efficiency while many factors have effects on it. Therefore, due to the necessity of paying more attention to improve the productivity and efficiency of the health systems, especially in the countries which are in a group in terms of the economic resources and the structure of their health systems such as Economic Cooperation Organization (ECO) countries that Iran is one of these countries, conducting more studies on the health system efficiency seems necessary. Therefore, the present study aimed to measure the health systems TE in ECO countries during 2004 to 2010 and to determine the factors affecting their TE using DEA.
Methods
This was a descriptive-analytical and panel study conducted to measure the ECO countries' TE of health system during 2004 to 2010 using DEA, as well as to determine the factors affecting their health systems TE. The activity of ECO countries began as the Regional Cooperation Development in July 1964 and its founding members were Turkey, Pakistan and Iran. In 1991, ECO expanded and its number of members reached 10 countries, including Iran, Turkey, Azerbaijan, Pakistan, Afghanistan, Kyrgyzstan, Tajikistan, Kazakhstan, Turkmenistan and Uzbekistan (15) . In the present study, two approaches were used to measure the TE. In the first approach, the inputs which were in the production function of human capital and indirectly involved in the production of health outcomes (inputs beyond the control of health systems) were used. In this approach, the inputs included income, education, smoking, and the outputs were life expectancy and infant mortality rates. In the second approach, the inputs that were directly involved in the production of health outcomes (inputs under the control of health systems) were used. In this approach, the inputs included health expenditures per capita, number of physicians per thousand people, and the number of hospital beds per thousand people, and the outputs were life expectancy and under-5 mortality rates. In DEA method, first, the data collected by data collection forms using the library and field studied were entered into Excel 2010. These data were collected using statistics available in international databases such as the databases of the World Health Organization (WHO), the World Bank, the United Nations Development Fund, the ECO countries' National Health Accounts, the Iran statistical Center and Ministry of Health (Department of Health, Policy Council, etc.), and the databases of other international organizations related to 2004 to 2010. Then, the collected data were transferred to Win4Deap 1.1.2 software (Centre for Efficiency and Productivity Analysis, University of Queensland, Australia) by year and the TE of the ECO countries health systems was calculated. Finally, the panel data logit model with random effects Maximum Likelihood Method (MLE) was used to estimate the factors affecting the TE of ECO countries health system because the DEA efficiency estimates were binary variables, i.e. they were bounded between 0 and 1, and the error term had a logistic distribution (16) . On the other hand, because the dependent variable was not normally distributed, logit model was used instead of the probit model. The model used in this study was as follows: If P i (the probability of being an inefficient health system) is equivalent to Y i =0, then the probability of having an efficient health system is displayed as Y i =1. Therefore, the set of variables influencing the probability of having an efficient health system will be as follows:
So that "e" is the neper number or the base of natural logarithm. For simplification, the above equation can be rewritten as follows: (Equation 2) ( )
Where Z i = β 1 + β 2 X i . This equation represents the logistic cumulative distribution function (17) . In this study, after calculating the TE scores of ECO countries health systems during 2004 to 2010, the dependent variable was considered as a binary variable in which zero indicated being inefficient and one indicated being efficient. Considering the independent variables in the first and second approaches, the panel data Logit model with random effects MLE was estimated using Stata 11.0 (Stata Corporation, College Station, Texas). A P< 0.05 was considered statistically significant.
Results
The results of this study have been presented in two sections. In the first section, the results of measuring TE of ECO countries health systems during 2004-10 based on two mentioned approaches, as well as the comparison of TE among those countries have been shown (Tables 1 and 2 ).
In the second section, the results of estimating the panel data logit model with random effects MLE based on two approaches have been outlined (Tables 3 and 4 ). According to the results displayed in Table 1 , based on the first approach, only in 2006 and 2007, respectively, two countries (20%) and three countries (30%) had full TE (TE=1). Also, the results showed that among all ECO countries, only Iran, Turkey and Azerbaijan had full efficient health systems and the TE scores of the health systems in other countries were less than 1 during the studied period. In addition, the mean TE of health systems during this period was 0.497. Turkey and Turkmenistan had the highest and lowest mean of efficiency, Table 2 , the TE scores of ECO countries health systems during 2004-10 and their comparison among studied countries based on the second approach showed that only in 2004 and 2008, respectively, two countries (20%) and one country (10%) had the full TE (TE=1). Also, the results indicated that among all ECO countries, only Turkey and Azerbaijan were fully efficient and the TE scores of other countries health system was less than 1 during the studied period. Furthermore, the mean TE of the health systems during this period was 0.563. Turkey had the highest mean of efficiency and Turkmenistan had the lowest one. Again, the mean of health systems TE in ECO countries based on the second approach had fluctuations during 2004-10.
The results of the panel data logit model with random effects for ECO countries health systems (2004-10) based on the first approach showed that only GDP per capita had the significant relationship with the health system TE. Furthermore, education and GDP per capita had positive relationships with the TE of the health systems and smoking had the negative one, so that a one unit increase in GDP per capita and education could increase the probability of being efficient health systems, respectively, 1.024 and 9.366 units. Conversely, a one unit increase in smoking could decrease the probability of being efficient health systems 1.958 units. Also, according to the coefficients of the studied variables, the marginal effect of GDP per capita on the health systems TE was more than that of two other variables (Table 3) . 
--
In addition, the results of the panel data logit model with random effects for ECO countries health systems (2004-10) based on the second approach showed that only health expenditures per capita had the significant relationship with the health system TE. Furthermore, health expenditures per capita and the number of physicians per thousand people had positive relationships with the TE of the health systems and the number of hospital bed per thousand people had the negative one, so that a one unit increase in the health expenditures per capita and the number of physicians per thousand people could increase the probability of being efficient health systems, respectively, 3.372 and <0.001 units. Conversely, a one unit increase in the number of hospital bed per thousand people could decrease the probability of being efficient health systems 3.351 units. Also, according to the coefficients of the studied variables, the marginal effect of the number of physicians per thousand people on the health systems TE was more that of two other variables (Table 4) .
Discussion
The results of the present study showed that the mean of TE during the studied period based on the first approach was 0.497 and based on the second approach was 0.563. In addition, in both approaches, the highest and lowest means of the TE belonged to Turkey and Turkmenistan, respectively. In addition, in the present study, the mean of health systems TE in ECO countries had fluctuations during 2004-10.
Varabyova and Schreyögg in their study showed that the mean of the TE of the hospital sectors in 31 OECD countries had flactuations during 2000-9 (18). Sabbagh Kermani et al. in their study concluded that the health system TE of 24 Muslim countries had decreased during 2000-5 (19) . It should be noted that the studied settings and factors (inputs and outputs) in these studies have somewhat been different. Therefore, the comparison of the results of these studies should be made with cautions. In the current study, Turkey had the highest mean of TE during 2004-10 based on both studied approaches. The economic statistics and the results of health surveys conducted in Turkey indicated that factors having significant effects on health system performance had one of the highest rates in Turkey among the ECO countries during the studied period. For example, economic statistics and health surveys conducted in Turkey and published by the WHO in 2010 showed that its total expenditures on health per capita at average exchange rate had been 668.4 US dollars and its general government expenditures on health as a percentage of total expenditures on health had been 74.8% in 2010 (20) . On the other hand, Turkmenistan, among the ECO countries, had the lowest mean of TE during 2004-10 based on both studied approaches. This can be due to many factors, including its reduction in labor efficiency because of increased infant and under-5 mortality rates which are the most effective factors on decreasing the human capital (21) . In the present study, according to the results of the first approach, the relationship between GDP per capita and health system TE was positive and significant. The results of de Cos and Moral-Benito, Zhang et al. and Ramsay's studies are consistent with the results of the present study (11, 14, 22 (11, 14, 24, 25) confirm the results of the current study. Furthermore, the relationship between smoking and health systems TE in the present study was negative and insignificant. This can be due that smoking, in addition to having negative effects on the individuals' health and reducing their efficiency, can impose heavy costs such as costs related to the treatment of the cancer patients on the healthcare systems (26, 27) . The results of de Cos and Moral-Benito and Or et al. 's studies are consistent with the results of the present study (11, 28 ).
In the current study, according to the results of the second approach, the relationship between the number of physicians per thousand people and the health systems TE was positive but insignificant. The results of this study confirm the optimistic scenario of the number of physicians, so that increasing the number of physicians can increase the community's health and this will lead to a reduced needs and demands for healthcare. Therefore, decreasing the health costs because of reduced needs and demands for healthcare can lead to increased efficiency of the health system. (34) (35) (36) . The results of these studies confirm the pessimistic scenario of the number of hospital beds, so that the increase in the number of hospital beds can increase the amount of patients' unnecessary stay in the hospital which, in turn, causes fewer people requiring hospitalization services can use these services and also increases the pressure of investing in and establishing new healthcare facilities on the health systems. Therefore, if hospital bed occupancy is high, increased length of stay can reduce the hospital productivity and increase the costs and depreciation of hospital resources, and ultimately it will have negative effects on the performance and efficiency of health systems (37) . In addition, the relationship between health expenditures per capita and health systems TE in the current study was positive and significant, so that rising health expenditures can lead to the health improvement through increasing access to health services. Also, it can be said that higher efficiency and health production can be achieved through larger government investments in more cost-effective interventions (32, 37 with the results of the current study (14, 18, (38) (39) (40) .
Limitations
This study had a number of limitations. Using DEA method to measure the efficiency has some limitations. DEA is deterministic and its findings depend on the countries and variables in the dataset. Also, it measures only relative efficiency. Therefore, any change in the type and number of countries and variables included in the dataset can result in the different findings. On the other hand, the factors and variables studied in this research were selected based on the accepted models of population health, as well as the data availability because DEA requires a complete dataset.
Conclusion
Overall, the results of this study showed that, in the ECO countries, health expenditures per capita and GDP per capita had significant effects on the health systems TE. In addition, GDP per capita, education, the number of physicians per thousand people and the health expenditures per capita had positive relationships, and smoking and hospital beds per thousand people had negative relationships with the health systems TE. Finally, the effects of GDP per capita and the number of physicians per thousand people on the health systems TE were more than other variables. Therefore, in order to maximize the efficiency of health systems of the studied countries, it is suggested that policymakers and health managers in these countries should pay special attention to the factors such as the promotion of public education level, the appropriate use of healthcare providers according to the needs of the population, proper management of the health systems resources especially physicians, allocating adequate budgets to the health sector, establishing suitable referral system to provide better access to health services for people according to their income and healthcare needs, etc. Finally, it is recommended to conduct similar methodology in future studies to determine other factors (under and beyond the control of health systems) affecting the efficiency of health systems.
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